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XXI, An Account of the Meteorological Injlruments u/ed 
at the Royal Society's Houfe. By the Hon. Henry Ca- 
veadiih, F. R. S* 



R. March 14, 1776. 

Tif the thermometers y with refleBions concerning fome pre- 
cautions necejfary to be ufed in making experiments with 
tbqfe inflruments^ and in adjufting their Jlxed points* 

THE thermometers are both adjufied to Fahren- 
heit's fcale: that without doors is placed out of a 
two-pair-of-ftairs window, looking to the North, and 
ftands about two or three inches from the wall, that it 
may bethemoreexpofedtotheair, and thelefs affected by 
the heat and cold of the houfe. The fituatibn is> tolerably 
airy, as neither the buildings oppofite to it, nor thofe on 
each fide, are elevated above it in an angle of more than 
r 2 ; but as the oppofite building is only twenty-five feet 
diftant, perhaps the heat may be a little increafed at the 
time of the afternoon obfervation by the reflection from 
thence. In the middle of fummer the Sun fhines on the 
wall of the houfe, agamft which the thermometer is fixed, 
for an hour or two before the morning obfervation, but 

never 
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never fliines on the thermometer itfelf, or that part of the 
wall clofe to it, except in the afternoon, long after the 
time of obferving. On the whole, the fituation is not 
altogether fuch as could be wifhed, but is the beft the 
houfe afforded. 

The thermometer within doors is intended chiefly for 
correcting the heights of the barometer, and is therefore 
placed clofe to it. The room in which it is kept looks to 
the North, and has fometimes a fire in it, but not often. 

It has been too common a cuftom, both in making ex- 
periments with thermometers and in adjufting their fixed 
points* to pay no regard to the heat of that part of the 
quickfilver which is contained in the tube, though this is a 
circumftance which ought by no means to be difregarded ; 
for a thermometer, dipped into a liquor of the heat of boil- 
ing water, will ftand at leaft 2 higher, if it is immerfed to 
fuch a depth that the quickfilver in the tube is heated to 
the fame degree as that in the ball, than if it is immerfed 
no lower than the freezing point, and the reft of the tube 
is not much warmer than the air. The only accurate 
method is, to take care that all parts of the quickfilver 
lhould.be heated equally. For this reafon, in trying the 
heat of liquors much hotter or colder than the air, the 
thermometer ought, if pof&ble, to be immerfed almoft. 
as far as to the top of the column of quickfilver in the 
tube. As this, however, would frequently be attended 
with great inconvenience, the obferver will often be 
©bliged to content himfelf with immerfing it to a much 
lef* depth; but then, as the quickfilver in a great part of 

the 
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the tube will be of a different heat from that in the ball, it 
will be neceiTary to apply a correction on that account to 
the heat fhewn by the thermometer; to facilitate which 
the following table is given, in which the upper hori- 
zontal line is the length of the column of quickiilver 
contained in that part of the tube which is not immerfed 
in the liquor exprefled in degrees ; the firft perpendicular 
column is the fuppofed difference of heat of the quick- 
iilver in that part of the tube and in the ball; and the 
correfponding numbers in the table fhew how much 
higher or lower the thermometer ftands than it ought to 
do. The foundation on which the table is computed is, 
that quickiilver expands one 11500th part of its bulk 
by each degree of heat. 



biff. 

of 
Heat 


Degrees not immerfed in the liquors. 
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IOO 
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200 
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300 
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400 


450 
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I JO 
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14 
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34 
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But as the generality of obfervers will be apt to 
neglect this correction, it would be proper to fofm 
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two fets of divifions on fuch thermometers as are in- 
tended for trying the heat of liquors ; one of which 
ihould be ufed when the tube is immerfed almoft to the 
top of the column of quickfilver; and the other, when 
not much more than the ball is immerfed; in which laft 
cafe the obferver fhould be careful, that the tube fhould 
be as little heated by the fteam of the liquor as poflible. 
It muft be obferved, however, that the heat of the liquor 
may be eftimated with much more accuracy by the firft 
fet of divifions, with the help of the correction, than it 
can by the fecond fet, as the latter method is juft only in 
one particular heat of the atmofphere, namely, that to 
which the divifions are adapted; but, if they are adapted 
to the mean heat of the climate for which the thermo- 
meter is intended, the error can never be very great, 
and, when the liquor is much hotter or colder than the 
air of that climate ever is, will be much lefs than if the 
firft fetof divifions were ufed without any correction; but, 
when the liquor is within the limits of the heat of the 
atmofphere, greater accuracy will fometimes be obtained 
by ufing the firft fet of divifions than the fecond, for 
which reafon the latter let fhould not be continued within 
thofe limits. I would willingly have given rules for the 
conftruiftion of this fecond fet of divifions, but am obliged 
to omit it, as it cannot be done properly without firft de- 
termining, by experiment, how much the quickfilver in 
the tube is heated by immerfing the ball in hot liqviors. 
In a fpirit thermometer, the error proceeding from the 
fluid in the tube being not of the fame heat as that in 

the 
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the ball, is much greater; as fpirits of wine expand much 
more by heat than quickfilver : for which reafon fpirit 
thermometers are not fo proper for trying the heat of 
liquors as thofe of quickfilver. 

Another circumftance which ought to be attended to 
in adjufting the boiling point of a thermometer is, that 
the ball mould "not be immerfed deep in the water; for, 
if it is, the fluid which furrounds it will be comprefled 
by confiderably more than the weight of the atmofphere, 
and will therefore acquire a fenfibly greater heat than it 
would otherwife do. The moft convenient veffel I 
know for adjufting the boiling point is reprefented in 
fig. 1 . abcd is the veflel ; ab the cover, made to take on 
and off readily ; e a chimney to carry off the fteam ; fg 
the thermometer, pafled through a hole mm in the cover, 
and refting in a little bag fattened to the wire hk, in- 
tended to prevent the ball from being broken by acci- 
dentally falling to the bottom. This wire is made fo as 
to be raifed higher or lower at pleafure, and muft be 
placed at fuch a height that the boiling point fhall rife 
very little above the cover. The hole mm is flopped 
with bits of cork or tow. By* this means, as the tube is 
inclofed in a veflel intirely filled with the fteam of boil- 
ing water, the quickfilver in it is heated to the fame de- 
gree as that in the ball; and befides,that part of the tube, 
on which the boiling point is to be placed, is defended 
from the vapour, fo that it is eafy making a mark on the 
glafs with ink. If fuch a veflel as this is ufed, the 
thermometer will be found to ftand not fenfibly higher 

Vol. LXVI. E e e when 
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when the water boils vehemently than when it boils 
gently ; and if the mouth of the chimney is covered by 
any light body, in fuch manner as to leave no more paf- 
fage for the fteam than what is neceiTary to prevent the 
body from being blown off by the prefliire of the in- 
cluded vapour, the thermometer will Hand only half or 
three quarters of a degree higher^ if the ball is immerfed 
a little way in the water, than if it is expofed only to the 
fleam. But if the covering of the chimney is removed > 
the thermometer will immediately fink feveral degrees, 
when the ball is expofed only to the fteam, at leaft if the 
cover does not fit clofe ; whereas When the ball is im- 
merfed in the water, the removal of the covering has fcarce 
any effect upon it. Whence it appears, that the fteam of 
water boiling in a veffel, from which the air is perfectly 
excluded, is a little but not much cooler than the water 
itfelf, but is confidefably fo if the air has the leaft admif- 
fion to the vefTel. Perhaps a ■ ftill more convenient 
method of adjufting the boiling point would be not to 
immerfe the ball in the water at all, but to expofe it only 
tothe fteam, as thereby the trouble of keeping the wa- 
ter in the veflel to the fight depth would be avoided; 
and befides, feveral thermometers might be adjuftedat 
the fame time, which cannot be done with proper aceu^ 
racy when they are immerfed in the water, unlefs the 
diftance of the boiling point from, the ball is nearly the 
feme in all of them. At prefent there is fo little uni- 
formity obferved in the maraner of adjufting thermome- 
ters, that the boiling point, in inftruments made by our 

3 beft. 
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bed artifts, differ from one another by not lels than af; 
owing partly to a difference in the height of the barome-' 
ter at which they were adjufted, and partly to the quick- 
silver in the tube being more heated in the method ufed 
by fome perfons than in that ufed by others. It is very 
much to be wifhed, therefore, that fome means were 
ufed to eftablifh an uniform method of proceeding; and 
there are none which feem more proper, or more likely 
to be effectual, than that the Royal Society mould take it 
into confideration, and recommend that method of pro- 
ceeding which fhall appear to them to be moil expe- 
dient. 



Of the barometer ; rain-gage, wind, and hygrometer. 

THE barometer is of the ciftern kind, and the height 
of the quicksilver is eftimated by the top of its convex 
furface, and not by the edge where it touches the glafs, 
the index being properly adapted for thatpurpofe. This 
manner of observing appears to me more accurate than 
the other; becaufe if the quickiilver mould adhere lefs 
to the tube, or be lefs convex at one time than another, 
the edge will, in all probability, be more affe&ed by this 
inequality than the furface. I prefer the ciftern to the 
fyphon barometer, becaufe both the trouble of obferving 
and error of obfervation are lefs; as in the latter we are 
liable to an error in obferving both legs. Moreover, the 
quickfilver can hardly fail of fettling truer in the former 

E e e 2 than 
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than in the latter; for the error in the fettling of the 
quickfilver can proceed only from the adhefion of its 
edge to the fides of the tube; now the latter is affected 
by the adhefion in two legs, and the former by that in 
only one: and,befides, as the air has necefiarily accefs to 
the lower leg of the fyphon barometer, the adhefion of 
the quickfilver in it to the tube will moft likely be dif- 
ferent, according to the degree of drynefs or cleannefs of 
the glafs. It is true, as Mr. de luc obferves, that the 
ciftern barometer does not give the true preflure of the 
atmofphere; the quickfilver in it being a little deprefied 
on the fame principle as in capillary tubes. But this does 
not appear to me a fuflicient reafon for rejecting the ufe 
of them. It is better, I think, where fo much nicety is 
required, to determine, by experiment, how much the 
quickfilver is deprefled in tubes of a given bore, and to 
allow accordingly. 

By fome experiments which have been made on this- 
fubject by my father Lord charles cavendish, the de- 
preflion appears to be as in the following table : 



Infidedia- 


Grains of 


Depreff. 


Infide 


Grains Deprefl". 


Infide 


Grains Depreff. 


meter of 


quickfil- 


of furface 


diame- 


of quick- 


of fur- 


diame- 


ofquick- 


of fur- 


tube. 


ver in one 
inch of 
tube. 


of quick- 
filver. 


ter. 


filver. 


face. 


ter. 


filver. 


face. 


,6 


97* 


>o°5 


>3S 


331 


,025 


,20 


108 


,067 


,5 


675 


,007 


>3° 


243 


,036 


>'5 


61 


,092 


A 


43? 


,oi5 


,25 


169 


>°5® 


,10 


27 


1,40 
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The firft column is the infide diameter of the tube, 
exprefled in decimals of an inch; the fecond is the weight 
of a quantity of quickiilver fufficient to fill one inch in 
length of it; and the third is the correfponding depref- 
fion of the convex furface of the quickiilver in a ciftern 
barometer, whofe tube is of that fize. The reafon of 
giving the fecond column is, becaufe the eafieft way of 
afcertaining the infide diameter of the tube is, by finding 
the quantity of quickiilver fufficient to fill a given length, 
of it. It is needlefs faying, that the part of the tube,- 
whofe diameter is to be meafured, is that anfwering to 
the upper part of the column of quickiilver; and that. 
the table can be of no ufe but to thofe only who obferve 
by the convex furface. 

In this barometer, the infide diameter of the tube is, 
about ,35 of an inch, and confequently the depreflion is 
,05 ; the area of the ciftern is near 120 times as great as. 
that of the bore of the tube; fo that as the quantity of 
quickiilver was adjufted when the barometer ftood at 
29!, the error arifing from the alteration of the height 
of the quickiilver in the ciftern can fcarce ever amount; 
to fo much as r^th of an inch. As the tube appeared to 
be well filled, it was thought unneceflary to have the 
quickfilver boiled in it; but that is. certainly the fureft. 
way of filling a barometer well. 

The principal reafon of fetting down the mean heat 
of the thermometer within doors, during each month, 
in the journal of the weather, is this: fuppofe that any 
©ne defires. to find the mean height of the barometer in 

any 
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anynnwhfh] corrected on account of the heat of the 
quickfilvfe in>the tuhei; that is, to find what would have 
beeb themeiafi height^? the quiekfilver in the tube had 
been conffcahttyiof a certain giveri heati To do this it is 
fufficientito take the nieah height df the barbmeter, and 
correct that according to the meaW heaf of the thermo- 
meter 5 the- refute will be exactly the ^mbaS if '• eaten bb- 
ietvatibn had beetaP Cbfre£ted Separately, ahdla' mean bf 
the Gorrec^e^sobfervatibbs takenY ]Pbr e&ample/fub^bfe 
it* is 'defired' tb ; find' What? wbuld -have been the mean 
Might of the b^rbMeter'inthe mbnthbf Miguel 'i'ffS', 
if the > quiekfilver tkMihig that time hdd been alwlays J at 
$b- ^degrees of heat: the mean of the obferved heights 
is 29,86 inches, and the mean heat of fhe4:herhibmetef 
is 6^ ? dt%d* 1 5. r '1fBe alteration of the height bf ^he 
barotntetef by i 5° bf heat; according tb M.-bte'tub^ rule| 
is, o^£ inches^ confequently, fheebrreclednteabheight 
ls'2;4iB*3P 

lPheve€el-Whfeh receives the 'rain is a conical funnel, 
flxengtheiied attbie Ibp by J a brafs ring, twelve inches in 
diameter! "'-TPhi "fides bf fhe j fuhnel aiid inhbf lip bf the 
bralstif|g t; are i, ibelihed to fhe horizon, in an' ingle of 
above 6§°; and the outer lip in an angle bf above 5b (<$\ 
which a#e iuch» degrees 1 bffieepnelsi that 1 there feems no 
probability either that any fain which falls within the 
funnely Or on the inner lip of the ring, mbulddaih out, 

(a) Ta make, wift is,here faid the more inteUigible, ther^ is, in fig. ,2; 
given a vertical ife&ion of the funnel, abc and abc being the brafs ring, ba and 
ba the'ratier 1 lip, and Bc'aiicf be the' outer. 

or 
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or that any which falls on the outer lip fhould dam into 
the funnel. This veffel is placed on fome flat leads on 
the top of the Society's Houfe. It can hardly he fcreened 
from any rain by the chimnies, as none of them are ele- 
vated above it in an angle of more than 25 ; and as it is 
raifed 3^ feet above the roof, there feems no danger of 
any rain darning into it by rebounding from the lead. 

The ftrength of the wind is divided in the journal into 
three degrees; namely, gentle, brifk, and violent or 
{tormy, which are diftinguifhed by the figures 1,2, and 3. 
When there is no fenfible wind it is diftinguifhed by a 
cypher. 

In the future journals of the weather will be given 
obfervations of the hygrometer. The inftrument in- 
tended to be ufed is of Mr. smeaton's cOnftruction, and 
is defcribed in Phil. Tranf. vol. XXL p. 198. It is kept 
in a wooden cafe, made fo as to exclude the rain, but to 
leave a free pafiage for the wind, and placed in the open 
air,: where the Sun fcarce ever fliines on it. The inftru- 
ment and cafe are both a prefent to the Society from Mr. 
smeaton. The hygrometer was laft adjufted in Dec. 
1775, and as the firing' has now been in ufe upwards of 
five years, it is not likely to want re-adjufting foon. 

Of the Variation Compafs. 

IN this inftrument, the box which holds the needle is 
not fixed, but turns horizontally on a center, and has an 
index fattened to it, pointing to a divided arch on the 

bra fs 
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brafs frame on which it turns ; and the method of ob- 
ferving is to move the box, till a line drawn on it points 
exactly to the end of the needle ; which being done, the 
angle that the needle makes with the fide of the frame 
is fhewn by the index. Fig. 3. is the plan of the inftru- 
ment ; K&ba is the brafs frame, the fides ab and ab being 
parallel ; Ee is a circular plate fattened thereto, on which 
cvdc, the box which holds the needle, turns as on a cen- 
ter; n» is the needle, the pin on which it vibrates, being 
fixed in the center of the plate Ee; zb is the divifion on 
the brafs frame; and g the index fattened to the box 
ciDdc, furnifhed with a vernier divifion; the divifion and 
vernier being conftructed fo as to fhew the arigle which 
the line if makes with ab or ab. The inftrument is 
placed in the meridian by the telefcope urn, the line of 
collimation of which is parallel to ab, and is pointed to a 
mark fixed due North of it. 

Fig. 4. is a vertical fe£tion of the inftrument pafiing 
along the line if; ab is the brafs frame; code the box 
which holds the needle ; i£ the circular plate on which 
it turns : n# is the needle; p and/) are fmall plates of brafs 
fixed to the ends of it, on each of which is drawn a line 
ferving by way of index. Thefe pieces of brafs are raifed 
to fuch a height that their tops are on a level with the 
point of the pin on which the needle turns. The ufe of 
them is, that it is much eafier obferving this way than 
when the lines, ferving by way of index, are drawn on 
the needle itfelf, as by this means the inconvenience pro- 
ceeding from one kind of vibration in the needle is 

avoided* 
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avoided, s and s are two brafs plates, on each of which 
is drawn a line to which the index at the end of the 
needle is to point ; there is alfo a line .parallel to thefe 
drawn on the bottom of the box ; thefe three lines form 
the line F/in fig. 3. r is a double microfcope intended 
to affift us in judging when the index p points exactly to 
the line f, that is, to the line drawn on the plate s. It is 
placed fo, that a wire vtw in its focus appears to coincide 
with this line; and in obferving, the box is moved till the 
wire appears alfo to coincide with the index p. 

The cap in the center of the needle is made to take on 
and off readily, and to fit on upon either face; fo that 
we may on occafion obferve with the under face of the 
needle uppermoft, as is reprefented in fig. 5. But the 
regular obfervations are always made with the needle in 
its upright pofition, and by the help of the index p only ; 
the intention of the other index and of inverting the 
needle is, to fhew whether the line joining the indices 
p and p, or the line vp as I fhall call it, is parallel to the 
direction of magnetifm in the needle, and thereby to find 
whether, in the ufual method of obferving, the index g 
ihews the true angle which the direction of magnetifm 
makes with the fide ab. The way of doing this is as 
follows ; having fuffered the needle to fettle, the obferver 
moves the box by means of the adjufting fcrew T, till 
the index p coincides with the line f, and reads off the 
angle fhewn by the vernier. He then moves the box till 
the other index/) coincides with the line f, which, as the 
pin on which the needle is fufpended is fixed to the brafs 

Vol. LXVI. Fff frame, 
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frame, may be done without any clanger of altering the 
position of the needle or making it vibrate, and reads off 
the angle as before. The mean of thefe two is the true 
angle which the line vp makes with the fide ab, fup- 
pofing the divifion and vernier to be rightly conftruc^ed, 
eveh though neither the lines vp nor f/ fhould pafs 
through the center of the pin. Having done this, he 
takes off the cap and inverts the needle, and obferves by 
both indices as before. It is plain, that if the line vp is 
parallel to the direction of magnetifm in the needle, this 
mean will agree with the former, fuppofing that the 
magnetic variation has not altered between the obferva- 
tions » Gn the other hand, if it is not parallel to the di- 
rection of magnetifm, but makes the variation appear 
greater than it ought to do when the needle is upright, 
it will make it appear as much lefs when the needle is 
inverted; fo that the mean of the two abovementioned 
means is the true angle which the direction of magne- 
tifm in the needle makes with the fide ab; that is, the 
true variation of the needle at that time and place, fup- 
pofing ab to be placed accurately in the meridian. Hav- 
ing thus found the true angle which the direction of 
magnetifm makes with ab, he fubtracfs that fliewn by 
the index b in the upright pofition of the needle; the 
difference is the error of the inftrument in the ufual 
manner of obferving. 

It was by this method that the error of the inftru- 
ment, at the time of the obfervations in 1774, was 
fcund to he to-*. For example, by a mean of the obfer- 
vations 
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vations made on Sept. 5. the variation with the needle, 
in its upright pofition, was 21.36 by the South end, and 
21.27 by the North; with the needle inverted it was 
2 1 . 1 9 by the South end, and 2 1 . 2 9 by the North. The 
mean of all four is 21.28, which is the true variation at 
that time and placer*;, and is 8' lefs than that fhewn in 
the upright pofition of the needle by the South end, 
which is the end always ufed in obferving; fo that by 
this day's experiment the error of the inftrument ap- 
peared to be 8'; but by a mean of the obfervations of 
this and two other days it came out 1 o'. Since that time 
the needle has been altered ; and, at the time of the ob- 
fervations in 1 7 7 5, the error was fo fmall as to be fcarcely 
fenfible. 

Great care was taken that the metal, of which this 
variation compafs is compofed, fhould be perfectly free 
from magnetifm. There is a contrivance in it for lifting 
the needle from off the point, and letting it down gently, 
to prevent injury in carrying from one room to another. 
The inftrument is conftructed nearly on the fame plan 
as fome made by the late Dr. knight. The principal 
difference is, that in his the pin which carried the needle 
was not fixed to the lower frame as in this, but to the 
box; the confequence of which was, that when the needle 
had fettled, and the box was moved to make the index 
on the needle point to the proper mark, it was again put 

(i) The quantity found by taking a mean of all the four numbers is evi- 
dently the fame as that got by taking a mean of the two firft and of the two 
laft, and taking a mean of thofe two means. 

F f f 2 into 
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into vibration, which caufed great trouble to the obfer ver. 
This inconvenience is intirely removed by the prefent 
conftru<Stion. There is no other material difference, ex- 
cept that of the needle being made to invert, and the ad- 
dition of the telefcope. The contrivance of fixing the 
pin which carries the needle to the lower frame, is taken 
from an inftrument of Lord charles cavendish; that 
of making the needle invert I have feen in fome com- 
paffes made by sisson. 

There is a very common fault in the agate-caps \ifually 
made for needles, which is, that they are not hollowed to 
a regular concave, but have a little projecting part in the 
center of the hollow ; the confequence of which is, that the 
point of the pin will not always bear againft the fame part 
of the agate, and confeqxiently the needle will not always 
ftand horizontal; but fometimesone end will ftand higheft, 
and fometimes the other, which caufes a difficulty in ob- 
ferving. There is alfo another inconvenience attends it 
when the indices of the needle are on a level with the 
point of the pin, which is of more confequence j namely, 
that it caufes the two indices not to agree, and eonfe- 
quently makes a fenfible error, when only one index is 
made ufe of, at leaft in nice obfervations : but when the 
lines, ferving by way of index, are drawn on the needle 
itfelf, and therefore are nearly on a level with its center 
of gravity, it can caufe very little error. The agate cap, 
which was firft made for this inftrument, was of this 
kind; and was fo faulty, that, if no better could have been 
procured, it would have been neceflary either to have 
5 drawn 
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drawn the lines ferving by way of index on the needle 
itfelf, or to have obferved by both ends, either of which 
would have been attended With a confiderable increafe 
of trouble to the obferver; but Mr. nairne, the artift 
who made the inftrument, has fince ground fome him- 
felf, which are perfectly free from this fault, the concave 
ikrface being of an extremely regular fhape and well 
polifhed, and abb of a very fmall radius of curvature ; 
which is a matter of confiderable confequence, as other- 
Wife the point of the pin will not eafily flip fufficiently 
near to the bottom of the hollow. 

Care was taken to place the variation compafs in a 
part of the houfe where it is as little likely to be affected 
by the attraction of the iron work as in any that could 
be fottnd. As it feemed, however, to be not intirely out 
of the reach of the influehce of that metal, I took the 
following method to examine how much it was influ- 
enced thereby. The inftrumertt was removed into a 
large garden belonging to a houfe in Marlborough Street, 
diftant from the Society's Houfe about one mile and a 
quarter towards the Weft, Where there feemed no danger 
of its being affected by any iron- work. Here it was 
placed exactly in the meridian, and compared for a few 
days with a very exact compafs, placed in an adjoining 
room, and kept fixed conftantly in the fame fituation. 
It was then removed back to the Society's Houfe, and 
compared again with the fame compafs. The obferva- 
tions were as follow : 

Obfervations 
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Qbfervations made with the Society's inftrumeht in the 

garden. 



■ 

Time. 


Variation by 


Diff. 


Time. 


Variation by 


Diff. 


Society's 
Inftrum» 


Compafs 
in room* 


Society's 
Inftrum. 


Compafs 
in room. 


'775 
July 2 1 


4 48V 


/ 
21 31 


/ 

21 33 


•"- 2 


July 3 ■ 


h ' 
II 4M 


1 
21 28 


/ 

21 32 


— 4 




50 


3 2 


35 


■^ 3 




II 20 


28 


3° 


— 2 




5 26 


30 


28 


+ 2 




II 38 


3° 


• 3° 







5 43 


•3 1 


32 


—' i 




1* 57 


29 


32 


— 3 




5 48 


30 


3° 







O; I3V 


29 


33 


T 4 


22 


10 45M 


33 


33 







J2 


3° 


31 


— 1 




11 a 


29 


30 


— 1 




2 24 


32 


35 


— 3 




11 18 


3 1 


29 


+ » 




2 54 


32 


3.1 


+ 1 




ii 37 


3 1 


31 





Aug. 1 


10 34M 


26 


28 


— 2 




11 55 


31 


33 


■— 2 




3 13V 


32 


33 


— i 




436V 


31 


32 


— 1 




4 33 


29 


29 







4 S3 


27 


3° 


— 3 




4 46 


29 


31 


— 2 




5 22 


2 4 


26 


— 2 




5 12 


27 


29 


— 2 




5 54 


26 


26 







5 35 


27 


28 


— 1 








. 




5 57 


28 


3° 


— a 



The 



the Royal Society's Inflruments. 



393 



The inftrument being removed back to the Society's 
houfe. 
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By a mean of the obfervations, the variation fhewn by 
the compafs in the room is i',3 greater than by the So- 
ciety's inftrument in the garden, and 14/ji lefs than by 
the fame inftrument placed in its proper fituation ; fo 
that the variation appears to be 1 5^4 greater in that part 
of the Society's Houfe where the compafs is placed, than 
in the abovementioned garden; and therefore, as there 
is no likelihood of its being affected by any iron in the 
latter place, the needle feems to be drawn afide 15'i 
towards the N.W. by the iron work of the houfe and 
adjacent buildings. 

On comparing the obfervations of the two laft years 
together, the variation appears, after allowing for the 
error of the inftrument, to have been ay' greater in 1775 
than in 1774; though I have been informed by Dr. 

HEBERDEN, 
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hebert>en<, who has made obfervations of this kind for 
feveral years paft, that the annual alteration of thevaria* 
tion has, in general, been not more than i o' ; and in par- 
ticular, that the alteration in the laft year appears to be 
only n{'; fo that the great difference obferved at the 
Society's. Houfe feems to be owing, not folely to the real 
alterationin the variation, but partly to fome other caufe; 
though what that mould be I cannot conceive, unlefs 
fome change was made in the iron work either of this 
or the adjoining houfes between the two periods ; but I 
do not find that any fuch change has been made. During 
the laft year, indeed, there have been two large magnets 
in the houfe, each confifting of feveral great bars joined 
together, being what the late Dr. knight ufed for making 
artificial magnets, and at the time of the obfervations in 
1774 tnere Was only one; but their diftance from the 
compafs is above fifty feet: and I am well aflured, that 
an the fituation in which they are actually placed, they 
cannot draw the needle afide more than 3', and not more 
than 1 5', when the line joining their poles is placed in 
fuch a direction as to act with moft forced. The fingle 

(c) The principle by which this was determined is, that if a magnet is 
placed near a variation cornpafe, with its. poles equi«diftaot. from it, and fituated, 
fo that each (hall aft equally oblique to the length of the needle, it can have no 
tendency to alter the variation; and that the fituation in which it alters it moft, 
except when placed nearly North or South of the compafs, is when the line 
joining its poles points almoft dire&ly towards the needle. This experiment I 
tried purpofely on the occafion, and found it anfwer; but, I believe, any one 
fkjlltd in magnetiika would, have granted the truth of the position without that 
precaution. 

magnet 
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magnet in the year 1774 was placed nearly in the fame 
fituation and direction that the two were in 1 7 7 5, fo that 
the difference of their effect in thefe two years can hardly 
have been fo much as 3'; and therefore, the great appa- 
rent alteration of the variation between the two periods 
cannot have been owing to them. Neither can it have 
been owing to the fault of the agate cap ufed in the year 
1774, as the error proceeding from thence could hardly 
be more than a or 3'. It is intended that, for the future, 
the abovementioned magnets Ihall be kept always in the 
fame fituation and direction that they are in at prefent, 
and in which they were in 1775. 

Of tbe Dipping-needle. 

IN this inftrument the ends of the axis of the needle 
roll on horizontal agate planes, a contrivance being ap- 
plied, by which the needle is at pleafure lifted off from 
the planes, and let down on them again, in fuch manner 
as to be fupported always by the fame points of the axis 
refting on the fame parts of the agate planes; and the 
motion with which it is let down is very gradual and 
without fhake. The general form of the inftrument, 
the fize and fhape of the needle, and the crofs ufed for 
balancing it, are the fame as in the dipping-needle de- 
fcribed in Phil. Tranf. vol. LX1I. p. 476. It is alfo made 
by the fame artift Mr. nairne. 

It may be feen in the Meteorological Journal, that the 
dip was obferved firft with the front of the inftrument 

You LXVI. Ggg to 
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to the Weft, and then to the Eaft; after which the poles 
of the needle were reverfed, and the dip obferved both 
ways as before. The reafon of this is, that the mean of 
the obferved dips, in thefe four fituations, differs very 
little from the truth, though the needle is not well ba- 
lanced, and even though a great many other errors are 
committed in the conftru£tion of the inftrument; pro- 
vided the needle is made equally magnetical after the 
poles are reverfed as before w; and that the difference of 
the obferved dip, in thefe four fituations, is not very 
great, as will appear from the following confiderations. 
Firft, let fig. 7. be a front view of the needle; ab a 
line parallel to the direction of magnetifm therein; and 
cd a perpendicular thereto, meeting it in the line joining 
the centers of the cylindrical ends of the axis, or in t be axis 
of motion as we may call it. If the needle was truly ba- 
lanced, its center of gravity would be ind, the interfeclioa 
of ab and cd. Suppofe now, that the needle is not truly 
balanced, but that its center of gravity is in g\ draw/# 
perpendicular to ab, cutting it in m\ and let the parts 
mn and tng be equal. When the inftrument is turned 
half-way round, fo that the contrary face of the needle 
is prefented towards us, the edge adb, which is now 
Ioweft, will become uppermoft, and the center of gravity 
will be in that fituation in which the point n now is; 
therefore, the mean between the forces with which the 

(d) It is eafy to fee whether the needle is made equally magnetical after 
the poles are reverfed as before, by counting the number, of vibrations which it 
mak.es in a minute. 

1 needle 
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needle is drawn out of its true pofition in thefe two fitua- 
tions, in confequence of its not being truly balanced, is 
accurately the fame; and the mean between the two ob- 
ferved dips is very nearly the fame, as if the center of 
gravity was at m. But if the center of gravity is at nt y 
the dip will be very nearly as much too great in the pre- 
fent ftate of the needle, as it will be too little when the 
poles are reverfed. Therefore, the mean of the obferved 
dips in thefe four fituations will be very nearly the fame 
as if the needle was truly balanced. 

Secondly, if the planes on which the axis rolls are not 
horizontal, the dip will be very nearly as much greater 
than it would otherwife be, when one face is turned to 
the Weft, as it is lefs when the other is ; for if thefe planes 
dip towards the South in one cafe, they will dip as much 
towards the North in the other, fuppofing the levels by 
which the inftrument is fet to remain unaltered. Con- 
fequently, the mean of the two obfervations will be very 
nearly the fame as if they were placed truly horizontal. 

Thirdly, by the fame method of reafoning it appears, 
that the mean of the two abovementioned obfervations 
will be not at all altered, though the line, joining the 
mark on that end of the needle by which we obferve, 
with the axis of motion, is not parallel to the direction of 
magrtetifm in the needle; that is, though the mark does 
not coincide with the point a or b, or though the line 
joining the two divifions of 90 is not perpendicular to 
the horizon, or though the axis of motion does not pafs 
through the center of the divided circle, provided it is in 

G g g 2 the 
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the fame horizontal plane with it. If, indeed, the axis of 
motion is not in the fame horizontal plane with the center 
of the divided circle, the error proceeding from thence 
will not be compenfated by this method of obferving, 
unlefs both ends of the needle are made ufe of. This, 
however, is of no confequence as, it is eafy to examine 
whether they are in the fame horizontal plane or not. 

But the error which is moft difficult to be avoided is, 
that which proceeds from the ends of the axis being not 
truly cylindrical. I before faid> that the parts of them 
which reft on the agate planes are always exactly the 
fame. The inftrument is fo contrived, however, that we 
may on occafion, by giving the axis a little liberty in the 
notches by which it is lifted up and down, make thofe 
planes bear againft a part of the axis diftant about -~ 
or ^th of an inch from their ufual point of bearing. 
Now, I find, that when the axis is confined fo as to have 
none of this liberty, and when care is taken, by previoufly 
making the needle ftand at nearly the right dip, that it 
fliall vibrate in very fmall arches when let down on the 
planes; that then, if the needle is lifted up and down 
any number of times, it will commonly fettle exactly at 
the fame point each time, at leaft the difference is fo fmall 
as to be fcareely fenfible; but if it is not fo confined, 
there will often be a difference of ao in the dip, ac- 
cording as different parts of the axis reft on the 
planes, and that though care is taken to free the axis and 
planes from duft as perfectly as poflible, which can be 
owing only to fome irregularity in the axis. Moreover, 

if 
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if the needle vibrates in arches of five or more degrees, 
when let down on the planes, there will frequently be as 
great an error in the dip. It is true, that the part of the 
agate planes, which the axis refts on when the vibrations 
are flopped, will be a little different according to the 
point which the needle Apod at before it was let downj 
which will make a fmall difference in the dip as fhewn 
by the divided circles, when only one end of the needle 
is obferved, though the real dip or inclination of the 
needle to the horizon is not altered : but this difference is 
by much too fmall to be perceived; fo that the above- 
mentioned error cannot be owing to this eaufe. Neither 
does it feem owing to any irregularity in the Arc-face of 
the agate planes, for they were ground and polifhed with 
great accuracy; but it moft likely proceeds from the axis 
flipping in the large vibrations, fo as to make the agate 
planes bear againft a different part of it from what they 
would otherwife do. I have great reafon to think, that 
this irregularity is not owing either to want of care or 
flcill in the execution, but to the unavoidable imperfec- 
tion of this kind of work. I imagine too, that this inftru- 
ment is at leaft as exadt, if not more fo, than any which 
has been yet made. 

The following table contains the refult of fome ob- 
fervations which I made, partly with a view to determine 
the true dip at this time in a place out of reach of the 
influence of any iron work, and partly to fee how nearly 
different needles would agree. The inftruments were all 
tried in the fame garden in which the variation compaf s 
was obferved, and all on the iothj nth, 13th, and 14th 

days 
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days of O&ober, 1775, except that marked *, which was 
tried on the 1 5th of the preceding April. 
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71 50 

72 27 

72 18 
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72 23 
72 37 

72 30 

73 33 

72 27 
72 35 



Each of the numbers fet down In the above table is 
the mean of two obfervations, the inftruments being ob- 
ferved firft with the fronrto the Eaft, then to the Weft; 
then a fecond time to the Eaft, and then again to the 
Weft; and in all the obfervations, except thofe with the 
two laft inftruments, which are of a different conftrue- 
tion, care was taken that the needle fhould vibrate in very 
fmall arches when let down on the agate planes. By 
a mean of all, the true dip at London, at this time, 
comes out 7 2° 30', the different needles all agreeing 

(e) See Phil. Tranf. vol. LXV. p. 79. 

within 
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within 14', which is a difference confiderably lefs than I 
mould have expected. It appears alfo, that the dipping- 
needle, in the fituation in which it is placed at the So- 
ciety's Houfe, is not much affecled by any iron work, as 
the dip fhewn by it in the garden differs only f from, 
that fet down in the journal of the weather. 

According to norman, the inventor of the dipping- 
needle, the dip at London in the year 1576 was 7 1 ° 5 o' o ; 
in 1676 it was 73 47', according to Mr. bondW; Mr. 
whiston in 1720 made it 75° iq'(s); Mr. graham in 
1723 made it between 73^ or 75 w, his different trials 
varying fo much; and at prefent it appears to be 7 2° 30'. 
I do not know how much Mr. bond's determination is to 
be depended on, as he does not fay by what means he 
arrived at it; but, I believe, Mr. whisxon's is pretty ac-* 
curate, for he obferved the dip in many parts of the 
kingdom, and, the obfervations agree well together; fo 
that it is reafonable to fuppofe, that his inflrument was a 
good one, and that he obferved in places where the needle 
was not much influenced by iron work. The dip, there- 
fore, ieems to have been confiderably greater about the 
year 1 7 ao, than it was in norman's time, or is at pre- 
fent: it appears, however, to alter very (lowly in com- 
parifon of the variation, 

(e) New Attra&ive, c. 4. (f) Longitude found, p. 6$-. 

(g) Longitude and Latitude found by Dipping-needle, p. 7, 49, and 941. 

(b) Phil. Tranf. N° 389. p. 332. 
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